Objective: To examine associations between disability and socioeconomic status (SES) in persons with hip radiographic OA (rOA) or symptomatic OA (sxOA) in the Johnston County Osteoarthritis Project.
INTRODUCTION
Arthritis, particularly osteoarthritis (OA), or joint pain of the lower extremities, can greatly restrict one's mobility in the workplace as well as hinder a variety of daily tasks at home [1] . OA in particular is responsible for roughly 20% of all arthritis-related ambulatory care visits [2] , and results in $3.4-13.2 billion in job-related costs each year [3] . Knee and hip replacements alone account for 35% of all arthritisrelated procedures requiring hospitalization [4] .
In addition to important contributors to OA such as old age [3] , high body mass index (BMI) [5] , being female [3] , and being African American [6, 7] , an individual's socioeconomic status (SES) may have an effect on OA and any associated disability. A number of studies have linked physically-difficult, labor-intensive occupations to increased incidence of OA-related pain [8, 9] and OA-associated disability [10] . Also, lower levels of educational attainment are associated with the degree to which a person may be disabled [11, 12] , but educational attainment is also a determinant of occupation selection, which can then increase predisposition to disability [13] .
To our knowledge only a few studies have examined associations between educational attainment and disability and pain in hip OA. A study of 118 individuals from Finland with self-reported hip pain and radiographic hip OA (rOA) [14] found associations between disability measured by the WOMAC index and educational attainment. The 'EUROHIP' consortium [15] reported worse disability measured by the WOMAC associated with lower levels of educational attainment in a large cohort of persons with radiographic hip OA requiring surgical intervention [15] . And, in analyses of patients of the Dresden Hip Surgery Registry, the risk of non-response to hip surgery when measured by the WOMAC decreased with increasing educational attainment [16] .
The socioeconomic characteristics of a community may also affect a person's predisposition to disability associated with OA. Persons with OA in communities with higher percentages of poverty are more likely to have less overall access to healthcare [17] , higher percentages of confounding pre-existing conditions such as diabetes [18] , higher rates of depression [1] , or poor perception of quality of life [19] . Studies in the United Kingdom have found correlations between knee pain and physical aspects of the community environment, such as poor access to public transportation [20] , and similar studies in the United States have found that persons with or at risk for symptomatic knee OA felt that their daily activities were limited due to poor transportation access or other barriers to their mobility [21] . Studies in the UK have found links between self-reported, non-specific disabling pain and a number of area-level, or community deprivation indicators including poverty, housing quality, and community layout [1] . No work, however, has been done to examine associations between quantitatively-evaluated disability and community-level SES indicators in individuals specifically with OA of the hip.
The purpose of this investigation is to explore the relationship of disability and pain outcomes to individual SES measures of education and occupation, and to community poverty level in persons exhibiting the two commonly used definitions of OA: hip radiographic OA (rOA) or hip symptomatic OA, the latter defined as having both radiographic evidence of OA and symptoms in the same joint. The study will also examine whether individual and community SES are independently associated with disability.
MATERIALS AND METHODOLOGY
The data used in this investigation were derived from the Johnston County Osteoarthritis (OA) Project (JoCo OA). This study is an ongoing, longitudinal, population-based study of knee and hip OA, including both rural and urban areas of Johnston County, North Carolina. Details on the recruitment of participants and overall project design are described in other literature [22] . The members of the population studied were non-Hispanic, English-speaking Caucasian or African American men and women, 45-years or older who were residents of one of six townships in the county for at least one year and who were mentally and physically capable of completing the study protocol. Each participant was interviewed at home, underwent a clinical exam and radiographs at the study center, and then was interviewed again at home approximately two weeks after the clinical exam.
In this paper, we selected data from baseline participants (i.e. those who enrolled in JoCo OA from May 1991 through December 1997) who returned for follow-up in 1999-2004 (n=1858) or who were newly-enrolled during cohort enrichment in 2003-2004 (n=1150) . The cohort enrichment sample included younger individuals, men and African American individuals who were lost in greater proportion than other participants over the follow-up period from study initiation [23] .
A total of 3008 participants were available and 2425 had complete data on hip rOA, HAQ or WOMAC scores, SES variables and covariates used in models (Fig. 1) . The study parameters were approved by the Institutional Review Boards of both the Centers for Disease Control and Prevention as well as the School of Medicine at the University of North Carolina.
Data from participants' interviews and examinations in this large population screening were used to define a sample with radiographic OA (rOA) and a subgroup of this sample with symptomatic OA. We used both definitions since they are the two most commonly used.
Radiographically confirmed knee OA (rOA). Radiographs were obtained during clinical exams. Radiographs of the hip were supine anterior-posterior pelvic radiographs with legs in 15° rotation and interpreted by one radiologist (JBR) who scored for OA on the Kellgren/Lawrence (K/L) scale from 0 to 4 [24] . A score of 0 represents normal; a score of 1 is of questionable significance; and scores of 2 to 4 represent mild, moderate, and severe joint narrowing, respectively, due to OA [24] . For this investigation, radiographic OA was defined as K/L 2 in at least one joint. Another radiologist was employed to examine interrater reliability; both interand intrarater reliability for the study radiologist were high (weighted inter-rater reliability = 0.86; for intra-rater reliability = 0.89) [25] Symptomatically confirmed knee OA. All participants completed symptom questionnaires as part of their in-home interview. A diagnosis of symptomatic osteoarthritis was made if the participant presented with rOA (K/L grade 2 in at least one joint) and had an affirmative answer to the question, "on most days, do you have pain, aching, or stiffness in your left hip [right hip]?" This was asked separately with regard to each hip. Answers were coded into three categories; 0, rOA without symptoms; 1, rOA with mild symptoms; and 2, rOA with moderate or severe symptoms.
Additional information was collected from each participant during a home interview in the form of a questionnaire, and included questions on the participants' age, gender, race, highest education level and occupation. Based on their longest held job, participants were also asked to report their daily occupational activities (standing, walking, squatting, and lifting) and the frequency of each activity was assigned a number: 0=never, 1=seldom, 2=sometimes, 3=often, and 4=always. The numerical responses for each of the activities were then summed to produce an occupational physical activity score (PAS) that ranged from 0 to 16 [26] .
Outcomes: Disability and Pain measures. A selfreported functional status assessment, the Stanford Health Assessment Questionnaire Disability Index (HAQ-DI or HAQ), was administered to each participant; the HAQ covers 20 activities of daily living sorted across eight domains (dressing, arising, eating, walking, reaching, gripping, chores, and hygiene) [27] to assess disability over the past week. Each activity is scored on a scale from 0 to 3, 0 meaning no difficulty, 1 meaning with little difficulty, 2 meaning with much difficulty, and 3 meaning unable to perform. The maximum scores from each of the eight domains were averaged together to produce the HAQ score (0-3) with a higher HAQ score implying more disability. In addition, participants answered the Western Ontario and McMaster Universities Index of Osteoarthritis (WOMAC) questionnaire, a validated self-administered instrument designed to evaluate knee and hip osteoarthritis. Our study asked participants to answer questions based on a two day recall period. The WOMAC includes subscales related to physical function, stiffness, and pain, with 17, 2, and 5 questions, respectively. When asked about the difficulty of performing tasks and degree of stiffness or pain, answers were rated on an ordinal scale of 0 to 4, with lower levels indicating lower levels of symptoms or physical disability (i.e. 0=none, 1=mild, 2=moderate, 3=severe, and 4=extreme). In this analysis, we use the unweighted WOMAC, the total score (0-96), the physical function score (0-68), and the pain score (0-20). Higher scores on the WOMAC indicate increased pain, increased stiffness, and decreased physical function [28] . The items of the physical function subscale have similarities to HAQ and contribute a major portion of the total score [29] . Total WOMAC scores have demonstrated reliability and validity [30] . However, despite the good internal consistency of the WOMAC stiffness subscale, evidence supporting the use of the stiffness subscale is sparse; previous literature has shown that test-retest is low and convergent validity for hip patients is sparse [31] . For this reason, the WOMAC stiffness score is not included in the analysis.
Independent Variables. The primary exposure variables are three measures of SES: educational attainment, occupation, and community household poverty rate.
Educational Attainment. Participants were asked about their highest school year completed. They were then grouped into one of two categories, having less than 12 years or having 12 or more years of schooling [referent] .
Occupation. Based on U.S. Census classifications, participants were grouped by one of seven occupational groups: (1) farming, forestry, or fishing; (2) management or professional; (3) fabrication or manual labor; (4) precision production, crafting, and repair; (5) service; (6) technology, sales, or administration; and (7) military [32] . For this investigation, groups 1, 3, 4, 5, and 7 were placed into a "non-managerial" occupational category, and groups 2 and 6 were placed into a "managerial" [referent] category. Occupational category is based on the job held for the longest period of time in the participant's life. The occupation of the longest job held has been demonstrated to be correlated with one's current occupation [33] . These two categories were then represented by an indicator variable in the analysis. "Managerial" is not to be taken entirely literally, but rather implies occupations that tend to include office work, lower physical demand, and higher SES, based on the Census group descriptions.
Community Poverty Level. To determine community poverty level, we used household income data at the block group level as provided from the U.S. 2000 Census [34, 35] . The census block group averages about 1000 residents, but can vary considerably, and is taken here to represent the participants' immediate community or neighborhood. The physical address of each participant at the time of evaluation was geocoded, linked to a block group identification number, and then used to extract aggregated census information from the U.S. 2000 Census. The percentage of households in each block group below the poverty level as defined by U.S. Census Bureau poverty thresholds was calculated and poverty level variables were categorized into tertiles (low, medium, and high) with cutpoints at 12% and 25%. Individuals living in block groups where less than 12% were at the poverty level were categorized as living in a block group with "low" community poverty [referent] . Individuals living in block groups with greater than 25% at the poverty level were categorized as living in a block group with "high" community poverty. Individuals between 12% and 25% were categorized as "medium." There were equivalent distributions for low and high (25% in each of those groups) and a larger middle group (50%) to reflect the mid-range of community poverty. Each participant's community poverty classification is determined by the block group in which they reside and not by their individual circumstances (i.e. residents of a block group share the same community household poverty rate). About 18% of the participants were in the high poverty group, and 27% were in the low poverty group.
Covariates. [referent] ), self-reported in the same manner as hip symptoms. Knee symptoms could play a large role in disability and must be controlled for. PAS was included as it directly detects occupational demands on the lower body rather than representing SES. The comorbidity count was determined on 11 possible conditions, with the most frequent being high blood pressure (49%), chronic lung disease including asthma (20%), diabetes (17%), and circulatory problems or stroke (14%).
Statistical Analyses
Statistical analysis was completed in STATA version 9.2. Educational attainment and occupation represented the main variables for individual SES. The block group poverty level is used for the main community SES variable as it represents a general sense of the community economic well-being, apart from the individual situation.
The characteristics of the participants and the analyses using single SES variables are based only on the participants who are eligible to be included in the fully-adjusted modeling of HAQ with all main effects, which included 708 with rOA and 251 with symptomatic. Not all participants completed the WOMAC due to time constraints at the clinical visit where it was collected, leaving 688 with radiographic OA and 244 with symptomatic OA (Fig. 1) .
Within the hip rOA group and the hip symptomatic subgroup, associations between the SES variables and each of the four disability scores, as dependent variables, were calculated by ordinary linear regression. Both the HAQ and the WOMAC distributions are skewed to the right, with relatively high numbers of low values, and resulting distributions of residuals are asymmetric and not improved through transformation. Although linear regression tends to be robust against underlying assumptions, we performed additional analyses using proportional odds models with disability variables in five ordered classes, after first verifying the appropriateness of the approach versus polytomous logistic models. The findings of significance were highly similar to those for ordinary regression, as has previously been noted for WOMAC [36] . Linear regression is retained for ease in interpreting results. Preliminary regressions involved one of the three SES variables at a time, adjusted for age, gender, race, BMI, knee symptoms, comorbidity count, and occupational PAS. The final multivariable regressions included all three SES variables and the covariates simultaneously and indicated whether the SES variables were independently associated with the outcomes. Adjusted parameter estimates and 95% confidence intervals are reported in the tables.
RESULTS

Participants.
The characteristics of the sample population for hip rOA and subgroup with symptomatic OA are presented in Table 1 . The mean age of individuals with hip rOA or symptomatic OA was 67. The mean disability scores were higher in the symptomatic OA subgroup (HAQ=0.82; WOMAC total=33.7) than rOA (HAQ=0.52; WOMAC total=22.4), indicating worse disability. The higher WOM AC total score was reflected in both the pain and function subscales. Fifty percent of the individuals with hip symptomatic OA and 43% of those with radiographic OA had a BMI greater than 30. Compared to those with hip rOA, those in the subgroup with symptomatic hip OA were more likely to have low educational attainment and a non-managerial occupation, but had roughly comparable community poverty rates. 3 PAS=Physical activity score related to occupation. 4 NM=non-managerial occupation.
Hip rOA analyses. The parameter estimates for adjusted associations between disability scores and SES variables for those with rOA are presented in Table 2 . Positive parameter estimates, as all these are, represent increases in disability due to being in the lower SES category in relation to the referent group. The three SES measures most likely contain some of the same information, that is, having a low education may also lead to a non-managerial (physically demanding) job, and to residence in a community of higher poverty rates. In the first set of analyses (Table 2a) , the objective was to determine whether the SES variables singly adjusted for covariates have a clear association with disability outcomes with hip rOA.
Low educational attainment was significantly associated with disability as measured by the HAQ and all WOMAC scores (p<0.05). The parameter estimates vary considerably across the outcomes but tend to reflect similar proportions of the underlying ranges for the outcome variables. The three WOMAC scores are also strongly associated (p<0.01) with having a non-managerial occupation, however HAQ is not significantly associated with occupation. Communities with high household poverty rates, compared to the most affluent class of <12% are significantly associated with HAQ. Although the parameter estimates are sizable for poverty rates associated with WOMAC function and total, they do not reach significance (p=0.054 and 0.056, respectively, for medium poverty rate).
The results from multivariable linear regressions of disability and pain measures on all SES variables simultaneously and covariates for hip rOA are displayed in Table 2b . In this second set of analyses (Table 2b) , the objective is to see if any of the SES variables have independent associations with disability outcomes and to see which variables may emerge as significant even after adjustment for the others.
When introducing all three SES variables simultaneously as main explanatory variables for disability, low educational attainment remained significantly associated with HAQ (p<0.01). Associations between educational attainment and WOMAC scores remained significant for function and total, but did not remain significant for WOMAC pain. Nonmanagerial (physically demanding) occupation did not remain significant for WOMAC function and WOMAC total but was significant for WOMAC pain (p<0.05).
Hip symptomatic analyses. The parameter estimates for adjusted associations between disability scores and SES variables for the subgroup with symptomatic OA are presented in Table 3 . In the first set of analyses (Table 3a) , the objective was to determine the SES variables that have a clear association with pain singly adjusted for covariates and disability outcomes in those with symptomatic OA. Among those in the symptomatic subgroup, low educational attainment has a strong association (p<0.01) with HAQ and is significantly (p<0.05) associated with WOMAC function and total, but not pain. Occupation is significantly associated with all WOMAC scores (p<0.05) but not HAQ. Finally, community poverty rates are not associated with any disability measures in people with hip symptomatic OA. In the second set of analyses (Table 3b) , results from multivariable linear regressions of disability and pain measures and all SES variables analyzed simultaneously are displayed. Similar to hip rOA analyses, the objective of this analysis is to see if any of the SES variables have independent associations with symptomatic OA and emerge as significant even after adjustment for the others.
For this symptomatic OA subgroup, educational attainment was the only significant independent SES predictor of HAQ disability. Occupation (non-managerial) is an independent SES predictor associated with WOMAC pain and WOMAC total, but no associations are seen with HAQ or WOMAC function scores.
Considering the known risk factors that were covariates in the models, being female, BMI>30, having increased number of comorbidities, or having knee symptoms, generally showed significant, positive associations with HAQ and WOMAC disability measures. Knee symptoms had the largest effect on disability as measured by the magnitudes of the parameter estimates. These findings were as expected.
DISCUSSION
Our study was designed to confirm and extend observations of associations between measures of individual SES with disability and pain in persons with hip rOA or symptomatic hip OA, while adjusting for known predictors of disability. In addition, we examined the associations of community SES with disability in our sample of 708 African American and Caucasian Johnston County residents with hip rOA, of whom 251 also had symptoms in the same hip that had rOA. Individuals with less than 12 years of schooling were more likely to have significantly higher HAQ and WOMAC scores, reflecting more disability and pain, than those with higher educational attainment, even after adjusting for age, gender, BMI, race, occupational physical activity score, comorbidities, and the presence of knee symptoms.
Significant associations were also noted between individuals with non-managerial occupations and higher WOMAC scores, but not with HAQ scores, in participants with hip rOA or the subgroup with hip symptomatic OA. In participants with rOA, residing in a Census block group with a community poverty rate of 25% or greater was associated with increased disability, measured by the HAQ, although the magnitude of these findings were weaker than for those with low educational attainment.
In multivariable analyses introducing all three SES variables simultaneously as main explanatory variables for disability, educational attainment was the only significant independent SES predictor of HAQ disability in both the rOA group and symptomatic OA subgroup and of WOMAC function and WOMAC total in rOA. However, the parameter estimate for the association between education and WOMAC function in the symptomatic hip OA sample is sizable; the small sample size (n=244) may make the determination of significance more difficult. Occupation was the only significant SES predictor of WOMAC pain in both radiographic and symptomatic hip OA.
Looking at magnitudes of the parameter estimates across Tables 2 and 3, without regard to the significance, it may be that education is most associated with HAQ and WOMAC function, whereas occupation tends to be stronger in its association with WOMAC pain and WOMAC total. In rOA alone, living in a community with the highest poverty rate tends to be associated with HAQ.
As would be expected, variables that are known to be associated with disability and pain in hip OA, including gender, BMI and knee symptoms were strongly associated with disability in our population with hip OA. However, even after adjusting for these covariates, there was still a significant association of educational attainment with HAQ scores and educational attainment and occupation with WOMAC scores.
Our study of a Caucasian and African American population in the United States confirmed findings from the three European studies identifying educational attainment as a significant factor associated with WOMAC function in individuals with hip OA [14] [15] [16] . In those studies, educational attainment was not associated with hip pain, but we extended the work of these European studies to examine other SES variables, occupation and community poverty, with WOMAC. Interestingly, occupation was linked significantly with WOMAC pain but not function for persons with both rOA and symptomatic OA in the multivariable analyses. We also included another commonly used measure of arthritis disability, the HAQ. Our study, like the Finnish study [14] , included knee symptoms which, as stated earlier, involve pain, aching or stiffness that could ultimately be responsible for a participant's measured disability even if that participant exhibited hip rOA or symptomatic OA. The knee symptoms were a strong contributor to disability, but even after controlling for these symptoms and other important risk factors, SES variables contributed significantly. Our study was also the first study to include an area-level measure of SES, community poverty, in addition to individual level SES measures, education and occupation. Measuring community SES by community poverty level may be rather non-specific, but it is an all-encompassing single variable that may represent both the physical community environment as well as the physical and mental health of its residents. For example, this could include poorer access to exercise facilities, public transportation, or medical care, as well as fewer health-conscious neighbors or residents of the same household.
The strengths of this investigation lie in its welldescribed bi-racial study population of men and women, its inclusion of both persons with radiographic and symptomatic OA instead of only persons with hip pain or other symptoms when considering disability, as well as its adjustment for knee symptoms. The study population was also enriched with groups at higher risk for OA outcomes and had a high rate of participation. All participants underwent identical clinical and in-home interviews. We expect that these estimates will generalize to our target population of civilian, non-institutionalized, African Americans or Caucasians, aged 45 years or older, residing in a rural community.
Additionally, this study uses a population in the United States, as opposed to similar studies that took place in Europe and entailed a remarkably different patient population; the populations in these European studies are cared for under a different healthcare system than in the United States. The limitations of our study include the lack of other potentially important variables of individual SES, such as income, and the crude measure of community SES we are using by employing Census block group poverty level. Although it would be desirable to include other measures, these measures are ones that are easily obtainable and appear to give a good reflection of both individual and community SES.
CONCLUSION
This study highlights the importance of understanding a person's socioeconomic standing, everyday life and physical environment when treating hip OA and the clinicallysignificant influences of SES on disability. These data underscore the importance of individual SES variables above and beyond other contributors to disability outcomes in hip OA. These data also underscore the importance of a clinician acknowledging the contribution of factors outside the medical system to health status.
